Magneto-electric properties of the magnetic domains local areas of bismuth-substituted yttrium iron garnet films are investigated. The electromagneto-optical (EMO) scanning method was used in our experiments when probing by laser beam various sites of separate magnetic domains of the film. Registered in our experiments the nonlinear and linear components of EMO effect does not remain to constants at optical scanning of various points of the magnetic domain, i.e., the local EMOE picture from the separate sites of the domain must be more informative than an averaged one in the multidomain case.
Introduction
Experimental and theoretical research on iron garnets as a large class of ferrimagnetic oxides with high Curie temperature (T C > 500 K), has a long history [1, 2] . Some distinct advantages of yttrium iron garnet Y 3 Fe 5 O 12 (YIG) are that this material can be grown in very pure crystals and has a narrow ferromagnetic resonance line, indicating very low spin-wave damping. Actually, YIG has a rather complicated crystal structure with space group Ia3d and 20 magnetic ions in the primitive cell. Single crystal YIG films grown by liquid phase epitaxy were brought to a high level of development as materials for bubble memory devices and remain interesting for microwave applications until now. Nonmagnetic gadolinium gallium garnet has nearly the same lattice constant as YIG, and has for this reason become the prime substrate for epitaxial growth of garnet films. It has been known for a long time that the magnetic garnets have a region of relative transparency in the infrared wavelength region between 1.5 and 5 μm [3] . For this reason, they are considered as materials for integrated optics, where garnet lasers, isolators, and modulators are arranged on the same substrate [4] . Due to the strong magneto-optical Faraday and Kerr effects, YIG and rare earth iron garnets can be also instrumental as magneto-optical indicator films as well as magnetic field sensors. Substitution of part of the Y 3+ on dodecahedral sites by the diamagnetic Bi 3+ has been found to increase the Curie temperature. It also has the effect of strongly enhancing the magnetooptical properties of YIG, in particular, the linear magneto-optical response. For this reason bismuth-substituted yttrium iron garnets have had an important impact in the area of magneto-optic materials. Bismuth substitution is known to increase the refractive index of garnets in the low energy region of the spectrum and to increase the absorption [5, 6] .
The sensitivity of the magneto-optical response of garnet (bismuth-substituted yttrium iron garnet) films to an external field is one of the main properties of interest for imaging applications. It is commonly investigated by measuring the field dependence of the Faraday rotation in the spectral region of interest. This, however, reflects only averaged bulk properties of the investigated film. Critical to understanding the magnetic properties and the technological applications of YIG or bismuth-substituted YIG is the ability to observe and measure magnetic domain structure and separate magnetic domain. The magneto-optic method allows us to read out a domain pattern and at the same time to follow the kinetics of formation, motion, and annihilation of these domains.
After experimentally founding by O'Dell of the magneto-electric effect (MEE) in YIG [7] (MEE-the effect of change of a magnetic state in a solid under the action of an external electric field) the active researches of magneto-electric properties of this ferrimagnetic have begun. In our earlier investigations, MEE in YIG films was studied with using the optical polarimetry method [8] [9] [10] .
In the current paper we inform about results of the further researches of the MEE by polarimetry method in separate magnetic domains of the bismuth-substituted YIG films. This method deals with the registration of the changes in magneto-optical Faraday rotation of the light polarization plane under the action of electric field applied to the film. So, the effect of light polarization plane rotation in crystals induced by the external electric field was determined as the electromagneto-optical (EMO) effect (EMOE) [11] . EMOE is one of the approaches to the investigation of magneto-electric phenomena in garnet films.
Experimental Procedure
Our experimental technics as combination of highsensitive laser polarimetry and a polarising microscope in details described in Refs. 8. This technics allows us to measure a local values of the changes of light polarization plane rotation (Faraday rotation) under action of variable electric field applied to the sample ( EMO  parameter from separate sites of the magnetic domain) and the integral EMO effect, from multidomain sites of the film. In our experiments as the starting point, we use bismuth-substituted yttrium iron garnet film grown by liquid phase epitaxy on 0.6 mm thick gadolinium gallium garnet substrate. Thickness of the film was 9 µm range. A variable voltage, with a frequency 1000Hz   and a static magnetic field could be applied to the sample. Experiments were carried out at room temperature in longitudinal geometry (E|| k, H || k, where k is a light wave vector, H is a static magnetic field, E is an electric field). The domain magnetisation of the film was normal to the film plane. A He-Ne laser (λ = 0.63 µm) was used in the experiments and using of a round diaphragm [8] allowed us to allocate the sites of a film of about 3 µm in diameter.
Our experimental setup allowed us to carry out simultaneously measurements of linear ( We already informed, that at local measurements of the EMOE in magnetic domains of YIG films, the effect was registered both in domains with a magnetisation direction coinciding with a magnetic field direction ( H M  , where the domain volume grows in magnetic field), and in domains with a direction of magnetisation against a magnetic field ( H M  , where the domain volume decreases in magnetic field) [8] . At measurements was not observed dependences of the EMOE from magnetic field in wide range of its change. Dependence of the EMOE from magnetic field in domains of both signs started to be essential, in a vicinity of a field of magnetic saturation. In the current paper we do not consider the specified area of magnetic field.
Results and Discussion
In Figure 1 are presented magnetic-field dependencies of EMOE, measured in separate domains of investigated film, which increase (1) and decrease (2) the volumes with growth of the magnetic field. As we can see from presented curves, in a wide range of change of a magnetic field (before the transition of the film to the homogeneous magnetization), the effect practically does not change at measurements in both domains. The EMOE is connected with the influence of the external electric field on the magnetic anisotropy parameter of the film [8] . Electric field induce additional anisotropy which is small in comparison with magneto-crystal anisotropy [12] . The detected EMO signals are correlated to the modifications of domain structure induced by the electric field because of high sensitivity of domain structure to the changes in the magnetic anisotropy of the film. The registered effect is more value in comparison with similar local measurements in YIG [8] . Presence in our experimental setup of a polarising microscope and a scanning diaphragm which can allocate on the sample small sites in diameter about 3 µm, allows us to spend measurements of EMOE on various sites of the separate domain. The experimental setup also allowed us to carry out simultaneously measurements of the square law on the E-field component of EMOE ( (curve 2) at moving of a scanning diaphragm in longitudinal direction in relation to positions of domain walls (DWs). We can see from the presented curves that the received results of measurements have some important features.
1) At H = 0, the EMOE is nonzero at a single domain sites.
2) The nonlinear (square law on the electric field) component of EMO signal in some points of optical scanning differs from a signal average level on the domain. 3) In several points of a film, within the investigated domain, the linear component of EMOE was registered by us in the form of separate narrow peaks. 4) For the large fields, when the film magnetization saturates, the EMO signal decreases to values close to zero (Figure 2, curve 2) .
EMO effect measurements in others, any way chosen domains, have shown similar results on character of EMOE dependence. Differences were observed only in density, localisation and width of a signal change peaks.
The received experimental results, in our opinion, have a following explanation. On the separate domain, as on the area with homogeneous magnetisation, the EMO effect of invariable value can be registered [8] . But, as we can see from Figure 2 , stability of EMOE in different areas of the domain is broken. We have registered drastic decrease of square law on the electric field component of EMO signal in some separate points of the film within the investigated magnetic domain. As it has already been shown by us earlier, EMO  parametre, at invariable magnetisation depends on the value of demagnetization fields in vicinities of a point of laser probing. It has also been shown that magnetization, which mainly defines the light polarization plane rotations, does not change under the electric-field action in YIG [8] . Such drastic decrease of square law on the electric field component of EMO signal are probably can be connected to the changes of the local value of demagnetizing fields in the small scanning areas, as just this component of Faraday rotation (at invariable magnetisation in electric field) is modulated by the variable electric field in our experiments. It can be in the film areas or in separate film points with not uniform magnetisations. In such areas we have the changeable local values of a demagnetization fields. Defects on a surface or in film volume can be such areas, most likely, as EMO signal changes occurs in the form of separate narrow peaks. Defect breaks a continuous condition of material and the local magnetisation difference is formed on it. Magnetisation directions in vicinity of defects can essentially differ from crystallo-graphic directions of easy magnetisation for considered material. i.e., the combination of local demagnetization fields and not uniformity of parametres can lead to registration of the EMOE local changes in separate areas in the domain (Figure 2) .
Occurrence of linear on the electric field component of EMO signal in some points of a film (Figure 2) , in our opinion, has a following explanation. In our earlier studies, only square-law on the electric field EMOE was observed in separate areas of YIG and bismuth-substituted YIG films (without additional external influence on the sample) [8] [9] [10] . The MEE and EMOE that are linearly dependent on the electric field are forbidden for the centrosymmetric cubic crystal structure of garnets and only a square-law on the electric field effect is possible [13] . But EMO signal occurrence on the basic frequency of In Reference [14] , we reported the results of some experimental investigations of the thermal influence on magneto-electric characteristics of epitaxial YIG films. Considering high sensitivity of the EMOE to changes in structural characteristics of epitaxial films, we have executed out investigation of thermal influence on EMOE in separate domains of bismuth-substituted yttrium iron garnets. Thermal influence on the sample was spent at temperature 753  T K throughout 240 minutes with the subsequent slow cooling. The experiment similar to previous (see Figure 2) has been made by us, at the same values of magnetic and electric field. In Figure 3 one of the received dependences of EMOE from positions (X) of scanning diaphragm in the central areas of any way chosen separate magnetic domain are presented. It is possible to see from curves ( Figure 3 ) that general character of ЕМО displays in the domain has not changed essentially after thermal influence. Instability of a square law on the electric field component of EMO signal is observed. The linear component of EMOE was registered by us too in several points of a film. Thus, unlike measurements of the integral EMOE on multidomain sites of a garnet film [14] , the received results of local measurements in separate domains do not allow us to track effect of temperature influence on magneto-electric characteristics of bismuth-substituted yttrium iron garnet films. We assume that the low-temperature mode chosen by us not sufficient for activation of processes of destruction of chemical bonds and deformations of a crystal lattice at thermally stimulated processes of migration of ions in a crystal lattice that could be shown through change of local EMO effects. Possible relaxation of interfacial strain for the film surface and interface regions after temperature influence can be registered at measurements of the EMOE from multidomain areas.
Conclusions
Thus, in our experiments when probing by laser beam various sites of separate magnetic domain of the bismuth-substituted yttrium iron garnet film and using EMO method, we registered the nonlinear (square law on the electric field) and linear components of EMOE. Local areas or separate points on a surface or in film volume where sharp changes of EMO signal were registered, under our assumption can be areas of defects of the sample. When scanning various sites of the magnetic domain, it is possible to carry out the control of the films on defects presence in them and to define their positions and that can matter for application. i.e., the local EMOE picture from the separate sites of the domain must be more informative than an averaged one in the multidomain case. Thermal influence on electromagneto-optical dependences of the film has not led to essential changes in character of EMOE. 
